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Purpose: The aim of this study was to evaluate the predictive accuracy of Lintula score in Turkish
appendicitis patients.
Materials and methods: Data from a total of 156 patients operated with the diagnosis of acute appendicitis
were collected retrospectively. The Lintula score was constructed from nine variables (gender, intensity
of pain, relocation of pain, pain in the right lower abdominal quadrant, vomiting, body temperature,
guarding, bowel sounds and rebound tenderness) with independent diagnostic value in 156 patients.
Lintula score was calculated for all patients. Pathological results of the resected specimen were deter-
mined and the diagnostic performance of the Lintula score was compared.
Results: HoshmereLemeshow and ROC curve analysis was performed and area under the curve was 0.922.
Predictive accuracy of Lintula score among Turkısh appendicitis patients was statistically signiﬁcant.
Conclusion: Lintula score seems to be useful method to diagnose acute appendicitis among Turkish
patients and may reduce the rate of negative appendectomy.
 2011 Surgical Associates Ltd. Published by Elsevier Ltd. All rights reserved.1. Introduction
Acute Appendicitis (AA) is one of the most common causes
of acute abdominal pain and emergency abdominal surgery.
Delayed management of appendicitis is associated with prolonged
hospitalization, an increased rate of perforation (34%e75%),1e3
wound infection (0%e11%),4e6 pelvic abscess (1%e5%),4e6 and late
intra-abdominal adhesions.
The Lintula score includes nine variables: gender (male, 2
points; female, 0 points), intensity of pain (severe, 2 points; mild or
moderate, 0 points), relocation of pain (yes, 4 points; no, 0 points),
pain in the right lower abdominal quadrant (yes, 4 points; no,
0 points), vomiting (yes, 2 points; no, 0 points), body temperature
(37.5 C, 3 points; <37.5 C, 0 points), guarding (yes, 4 points; no,
0 points), bowel sounds (absent, tinkling or high-pitched, 4 points;
normal, 0 points) and rebound tenderness (yes, 7 points; no,
0 points). The Lintula score has a minimum of 0 points and
a maximum of 32 points. The cut-off level to predict AA is 21
points, and the cut-off level for rule out AA is 15 points. Patients
with scores 21 are recommended to undergo emergency appen-
dicectomy, and those with scores 15 points are amenable tos).
ciates Ltd. Published by Elsevier Ltdischarge. Patients with the appendicitis score between 16 and 20
points are recommended to be observed.7
Several clinical and computer-aided scoring systems have been
shown to increase the diagnostic accuracy and reduce unnecessary
appendicectomies in adults,8e12 Lintula et al. described a new
scoring system unique to children with suspected appendicitis.13
Our aim in this retrospective study was to validate the Lintula
score in Turkish adult patients with suspected acute appendicitis.
2. Materials and methods
Patients who underwent appendectomy from 2009 to 2010 with a diagnosis of
AA in the Ordu State Hospital (Ordu, Turkey) were included in this study. The clinical
diagnosis was established preoperatively by clinical history, physical examination,
and laboratory tests including WBC count and neutrophil percentage and in some
cases by an abdominal ultrasonographic examination. Appendectomy was per-
formed in all patients who were diagnosed of acute appendicitis preoperatively.
Removed appendices were ﬁxed in formalin and analyzed histologically to conﬁrm
the diagnosis of AA.
Demographic, surgical, and histopathologic variables were recorded retrospec-
tively. Gender, intensity of pain, relocation of pain, pain in the right lower abdominal
quadrant, vomiting, body temperature, guarding, bowel sounds and rebound
tenderness were recorded to evaluate Lintula score.
Model discrimination was measured by the area under the receivereoperator
characteristic curve (AUC) to evaluate how well the model distinguished patients
experienced the events from those who did not. An AUC of 0.5 indicates that the
model does not predict better than chance. The discrimination of a diagnostic model
is considered perfect if AUC is equal to 1, good if AUC is greater than 0.8, moderate if
AUC is 0.6e0.8 and poor if AUC is less than 0.6.14d. All rights reserved.
Table 1
Demographic and clinical characteristics of 156 patients who had suspected for
acute appendicitis.
Appendicitis Non-appendicitis Overall
N (%) 132 (84.6) 24 (15.4) 156
Age (yr)* 29.3  10.6 33.2  11.9 29.9  10.8
Sexy
Male 72 7 79
Female 60 17 77
Data are presented as mean  SD.
Table 3
Performance of Lintula score on diagnosing Acute Appendicitis.
Sensitivity Speciﬁcity PPV NPV
Lintula 88.11 91.66 97.8 64.7
PPV: Positive Predictive Value, NPV: Negative Predictive Value.
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One hundred and ﬁfty-six patients were included in this study
and their datawere recorded. Seventy-seven of these patients were
female (49.3%) and 79 were male (50.7%). Mean age of the study
group was 29.9 years (range, 16e4). Appendectomy was performed
to all of the study groups and after pathologic examination of tissue
samples AA were diagnosed in 132 (84.6%) patients. Pathological
results of 24 (15.4%) patients were normal.
Table 1 summarizes the demographic and clinical characteristics
of patients by ﬁnal diagnosis.
According to the Lintula score 91 patients were diagnosed to be
AA and 89 of these patients were histologically conﬁrmed to be AA.
A male and a female patients’ pathologic results were negative for
AA. Thirty-four patients were diagnosed to not to be AA but 7 male
and 5 female of these 34 patients were histologically conﬁrmed to
be AA. The Lintula score of 31 patients were between 15 and 21 and
these patients were recommended to be observed. Pathologic
results of these 31 patients were AA (Table 2). In the light of these
ﬁndings, sensitivity and speciﬁcity of Lintula score is %88.11 and %
91.66 respectively. Positive predictive value is %97.8 and negative
predictive value is %64.7 (Table 3). Area under the ROC curve was
0.922 and was statistically signiﬁcant (p ¼ 0.094). (Fig. 1).
4. Discussion
Despite all improvements, diagnosis in acute appendicitis still
reminds a challenging problem. Initial management of patients
with suspected appendicitis is based on the disease history, phys-
ical signs, and basic laboratory tests reﬂecting the inﬂammatory
response. It is common practice to perform ultrasonography or
computed tomography (CT) in all patients with suspected appen-
dicitis. However, imaging does not perform well in patients
with low and high prevalence of the disease. Recent reports also
suggest that the indiscriminate use of CT scans may lead to the
detection of low-grade appendicitis that would have resolved
spontaneously.15e17 Therefore, to select patients for immediate
surgery, or making the decision of observing at home or to make
additive tests and imaging techniques, other tools like scoring
systems could be useful. A clinical scoring system estimates the
probability of appendicitis in a patient compared with a large
number of similar patients from which the score was designed.
Several scoring systems including a number of variables were
created and these variables were elicited from the patient and each
is given a numerical value.18e22 The sum of these values has beenTable 2
Data for predictive accuracy of Lintula score.
Lintula Score Target Disorder
Present Absent
Positive (91) 89 2
Negative (34) 12 22
Observation (31) 31 eused to predict the likelihood of acute appendicitis. Lintula and co-
workers described a new scoring system including nine variables
and no laboratory tests included in this score.7
It is common for scoring systems to not perform as well when
tested in a new population.20,21 The success or failure of a clinical
score is related to thepopulation towhich it is applied. Sowedecided
to validate the Lintula score among Turkish appendicitis patients.
The variables of Lintula score are depended on the physical
examination so score can be used to diagnose acute appendicitis
especially in rural hospitals in which other diagnostic tools such as
ultrasound, computed tomography and serum C-reactive protein
levels, can not be used. In our study 91 of 156 patients were diag-
nosed to be acute appendicitis according to the Lintula score and 89
of these 91 patients were histologically shown to be AA.
If we add the patients which were recommended to be observed
(31 patients), 120 (%90.9) of the 132 acute appendicitis patients
were correctly diagnosed as acute appendicitis with the Lintula
score with only a physical examination. Positive predictive value of
the score is statistically signiﬁcant according to the results of our
study. In contrast 34 patients’ Lintula score were under 15 andwere
diagnosed to not to be AA, but 12 of these patients were AA.
Negative predictive value of the score seems to be poor with this
result but in a prospective study, the Lintula score should be
calculated for the second time after the initial assessment to give
the decision if a patient is acute appendicitis or not.
Lintula et al. found that the speciﬁcity and the positive predic-
tive values were higher in the appendicitis score-group and the
sensitivity and the negative prediction values were higher in
control group, respectively. This indicates that the Lintula score
may provide more precisely a diagnosis of AA but that a repeated
clinical examination may be more sensitive to rule out AA.22
Lintula etal. demonstrated that the diagnostic accuracy of the
score was %92 and negative appendicectomies rate were %17 in
their prospective study. Following repeated clinical examination
the diagnostic accuracy was signiﬁcantly improved (7).
In our opinion a study should be carried out to compare diag-
nostic performance of the clinicianwith andwithout the score, may
be this is the main limitation of all studies.Fig. 1. ROC curve analysis of Lintula score.
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study design are the limitations of our study. But now we study on
the same issue with a prospective randomized study to make
a better evaluation of the accuracy of the Lintula score.
5. Conclusion
In conclusion we validate the Lintula score for Turkish acute
appendicitis patients and it seems to be useful method to deter-
mine if a patient is acute appendicitis or not and may reduce
unnecessary appendectomies. Repeated clinical examination
should be carried out to improve better negative predictive value.
Further prospective studies of great numbers of patients are needed
to use Lintula score in clinical practice.
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